Abstract: Perfect electromagnetic conductor (PEMC) is a nonreciprocal Medium to generalize both the perfect electric conductor (PEC) and perfect magnetic conductor (PMC). PEMC is defined by a spurious scalar M that has admittance nature. Whereas for electromagnetic application, where linear transformation between fields and source within a certain orthogonal coordinate system are necessary, dyadic is very useful to use. In this paper, dyadic Green's functions (DGFs) in integral forms have been derived for a structure with a dielectric layer on a PEMC elliptical cylinder. First, the dyadic Green's functions are formulated and extended in terms of elliptical vector wave functions. Then the scattering and transmission coefficients are solved from matrix equation by driving general equations from boundary conditions of two surfaces. This classification and formulation satisfy Dirichlet and Neumann boundary conditions.
Introduction
The concept of perfect electromagnetic conductor (PEMC) was introduced as generalization of both the perfect electric conductor (PEC) and perfect magnetic conductor (PMC) [1] . It is a medium where specific linear combinations of electromagnetic fields are required to vanish [1] . The boundary condition for PEC and PMC may be defined aŝ
The medium equations for PEMC Can be expressed aŝ
Where, M denoted the admittance of the PEMC boundary. The special case M = ∞ returns us PEC conduction and we reach at PMC when M = 0. Whereas PEMC medium not allow electromagnetic energy to enter, it can be used as a boundary material [2] . Also, Since PMC has important applications in antenna design, may expect that PEMC will also have potential for similar applications [6] . Researcher presented many useful papers for the PEMC applications such as Realizations for PEMC boundary [2] , Plan wave propagation in PEMC [3] and Scattering plan-wave by a PEMC sphere and cylinder [4, 5] . Also, to analyze the electromagnetic radiation from an arbitrary current distribution located in a layered inhomogeneous medium, the dyadic Green's functions (DGFs) is usually adopted. The subject of dyadic Green's function studied in many items such as DGFs for dielectric layer on a PEMC plane [6] and DGFs inside/outside a dielectric elliptical cylinder [7] . In this paper, the DGFs are considered as a kernel of the integral for a PEMC elliptical cylinder coated by a dielectric layer located in free space. In section 2, we have made a summary of the elliptical coordinate system and has been defined the angular and radial Mathieu functions. Section 3 described formulation of DGFs based on PEMC boundary. In addition, in this section by using the principle of scattering superposition, the DGF can be considered as the sum of the unbounded Green's dyadic and scattering Green's dyadic to be determined. In final section (section 4), the boundary condition in dielectric and PEMC surface are used to solve for the scattering and transmitted coefficients from the matrix equations technique.
Elliptical coordinate system
A cross-section view of the elliptical coordinate system is shown in Fig. 1 . This system is defined by three flowing relations
Where, 0 ≤ u ≤ ∞ represent confocal elliptic cylinder, 0 ≤ v ≤ 2π represent confocal elliptic cylinder and c is the semi focal length of the ellipse. Two kinds of Mathieu functions are used here for mathematical functions: The even or odd angular functions S emλ (v) and S omλ (v) and the even or odd radial functions R emλ (u) and R omλ (u). The explanations of these functions by National Bureau of Standards are given as follows:
And for radial Mathieu function of the first kind are defined as
And the second kind
Where J n and Y n are first and second kinds Bessel functions and a = (cλ/2)e u and b = (cλ/2)e −u . In these equations D m n (λ) and F m n (λ) are accessible in [8] and [9] and there are many software packages to calculate these coefficients. Also ∞ n=0 expressed when m is even, n is summed over all even values, and when m is odd, n is summed over all odd values.
For time harmonic system the third kind of radial functions can be use as
The angular Mathieu functions have orthogonality properties as follows
Where
These functions have been used to calculate dyadic Green's function. There is more useful information in [8] and [9] but we not need to them here.
Formulation of dyadic Green's function
The medium equations for a PEMC Medium are represented in (3). For electric and magnetic fields the tangential boundary conditions can be written as follown
Where k is wave number, η is wave impedance adjacent with PEMC medium andn denotes the unit normal vector from PEMC medium that isû at here. Also, J is PEMC surface current density. By using three sets of fields due to three orthogonal small electric dipoles, (3) can transform into a dyadic form [10] . The dyadic boundary conditions for a PEMC medium defined as follow [6] n
Where α = Mη and α = −1/α. Also, the relationship between electric and magnetic DGFs is as follow [6] 
The notations G e and G m are used to denote, respectively, the electric and the magnetic DGFs. So only the solution of the electric DGFs G e is presented here for structure of Fig. 2 and G m can be obtained from G e by (26).
Fig. 2. Geometry of the problem and Direction of the incident plane wave
The unbounded dyadic Green's function was obtained by Tia [10] for u ≶ u s in terms of elliptical vector wave functions:
Where u s is position of source and k 2 j = h 2 j −λ 2 = ω 2 μ j j for medium j = 1, 2 and the expansion of a combination of even and odd modes is
By defined β = c cos 2 (u) − cos 2 (v), the functions of M and N are expressed in terms of Mathieu functions as follow
And
The scattering dyadic Green's functions due to an electric source in Region 1 (j = 1) are assumed as follow 
The principle of scattering superposition yields
es (r, r ) 
Determination of scattering coefficients
The boundary condition at the PEMC surface iŝ
And the boundary conditions at dielectric surface arê
To solve for the scattering coefficients, we write the vector wave functions in terms of Mathieu functions in (38)- (40) and separate them in terms of thev andẑ components. Using orthogonality relations, these three equations can be broken up into twelve independent equations. After simplification, these equations yield unknown scattering coefficients in following matrix form.
[ 
In these equations, Q m (i, j) and P m (i) have 52 and 6 nonzero values, respectively and other values are zero. We presented these values in Appendix A.
Conclusion
In this paper, formulation of the electric and magnetic dyadic Green functions has been introduced with a dimensionless parameter α. Using this classification the Green's theorem can be employed in problems involving a PEMC. Then dyadic Green's functions for a coated elliptical cylinder are formulated and extended in terms of elliptical vector wave functions and in the sequel determined scattering coefficients that are instrumental for numerical computing like EM scattering in problems inclusive a PEMC elliptical cylinder. 
Where, ξ and η are defined as follow
And we assumed μ 2 = μ r μ 1 and 2 = r 1 .
